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��	 6DIHW\� ELRPDUNHUV� RI� QHXURWR[LFLW\� WR� DGGUHVV� D� FULWLFDO� VDIHW\� FRQFHUQ 
ZLWK� DQ� XQPHW� PHGLFDO� QHHG�� L�H�� DFXWH� GUXJ�LQGXFHG� &16� LQMXU\� ULVN 
�GUXJ�GHYHORSPHQW�QHHG� 

��	 ,PSURYHG�GHFLVLRQ�PDNLQJ�LQ�SKDVH���FOLQLFDO�WULDOV��H�J��GHFLVLRQV�WR�VWRS 
GRVLQJ�� WR� PRGLI\� GRVLQJ� UHJLPHQ�� RU� WR� FRQGXFW� DGGLWLRQDO 
WHVWLQJ�PRQLWRULQJ�ZLWK�HVWDEOLVKHG�PRGDOLWLHV�EHIRUH�GRVH�HVFDODWLRQ��HWF� 
�FOLQLFDO�XVH�GHFLVLRQ�WUHH� )LJXUH����� 

��	 1RUPDO� KHDOWK\� YROXQWHHUV�� D� QDUURZ� WDUJHW� SRSXODWLRQ� WR� HQDEOH 
HYDOXDWLRQV� DJDLQVW� D� QRUPDO� EDFNJURXQG� YDULDWLRQ�� DQG� WKH� SRSXODWLRQ 
DQWLFLSDWHG�IRU�ILUVW�LQ�KXPDQ�VWXGLHV 

��	 'UXJ�FDQGLGDWHV�ZLWK�DQ�a priori FRQFHUQ�IRU�&16�LQMXU\��H�J��FDQGLGDWHV 
ZLWK�D�NQRZQ�FODVV�HIIHFW�RU�D�FRQFHUQ FKDUDFWHUL]HG�LQ�SUHFOLQLFDO�WR[LFLW\ 
VWXGLHV� 

�� $1$/<7,&$/�&216,'(5$7,216 

��� 3UH�$QDO\WLFDO�&RQVLGHUDWLRQV 

4XDOLW\�FRQWURO�RI�SUH�DQDO\WLFDO� YDULDEOHV� LV�D�NH\� IDFWRU� LQ�JHQHUDWLQJ�FRQVLVWHQW�DQG� 
DFFXUDWH� H[SHULPHQWDO� GDWD�� :H� WKXV� SODQ� WR� GHYHORS� DQG� LPSOHPHQW� D� ULJRURXV� SUH� 
DQDO\WLFDO� VDPSOH� FROOHFWLRQ�� SURFHVVLQJ� DQG� VKLSSLQJ� SURWRFRO�� $VVD\� YDOLGDWLRQ� ZLOO� 
UHYHDO��LI�WKH�VWDELOLW\�RI�WKH�ILYH�DQDO\WHV�LV�LPSDFWHG�E\�SUH�DQDO\WLFDO�IDFWRUV� 

��� $QDO\WLFDO�&RQVLGHUDWLRQV 

7KH� FRQFHQWUDWLRQ� RI� SURSRVHG� ELRPDUNHUV� ZLOO� EH� PHDVXUHG� XVLQJ� WZR� DVVD\� NLWV 
DYDLODEOH�IURP�4XDQWHUL[� WKH�1HXURORJ\���3OH[�DVVD\��ZKLFK�LV�DYDLODEOH�DV�D�UHVHDUFK� 
JUDGH� DVVD\� DQG� WKH� S1)+� DVVD\�� ZKLFK� LV� DYDLODEOH�  DV� D� ³'LVFRYHU\� NLW´�� � 7KHVH�  
DVVD\V�KDYH�EHHQ�HYDOXDWHG�E\�4XDQWHUL[� IRU�YDOLGDWLRQ�SDUDPHWHUV� OLNH�/2'��//24�� 
GLOXWLRQDO� OLQHDULW\�� SUHFLVLRQ� DQG� HQGRJHQRXV� OHYHOV� LQ� SODVPD�� VHUXP� DQG� &6)�� 
0DQXIDFWXUHU� GDWD� VKHHWV� VXPPDUL]LQJ� WKRVH� UHVXOWV� DUH� DWWDFKHG� DV�  $WWDFKPHQW 
������ �QHXURORJ\� ��3OH[�� DQG� $WWDFKPHQW ������ �S1)+�� :H� SODQ� WR� H[SDQG� WKH� 
HYDOXDWHG� SDUDPHWHUV� DQG� FRQGXFW� ILW�IRU�SXUSRVH� YDOLGDWLRQ� IRU ERWK� DVVD\� NLWV�� 7KLV� 
YDOLGDWLRQ� ZLOO� EH� SHUIRUPHG� XVLQJ� VHUXP� VDPSOHV IURP SDWLHQWV� ZLWK� GLIIHUHQW� &16 
GLVHDVHV DQG�ZLOO�DGGUHVV�WKH�IROORZLQJ�SDUDPHWHUV��VWDQGDUG�FXUYH�SHUIRUPDQFH��LQWUD� 
UXQ� DQG� LQWHU�UXQ� SUHFLVLRQ�� DVVD\� G\QDPLF� UDQJH�DVVD\� OLPLWV� �8/24�� //24��� 
SDUDOOHOLVP�� UHSURGXFLELOLW\� RI� HQGRJHQRXV� DQDO\WH� DQG� EHQFK�WRS�� IUHH]H�WKDZ� DQG� 
ORQJ�WHUP� VWDELOLW\�� 9HU\� OLPLWHG� YDOLGDWLRQ� ZLOO� EH� SHUIRUPHG� DOVR� IRU� &6)�� 5XQ� 
DFFHSWDQFH�FULWHULD�ZLOO�EH�HVWDEOLVKHG�WR�HQVXUH�KLJK�TXDOLW\�GDWD��'HWDLOHG�YDOLGDWLRQ�
SODQV IRU� 1HXURORJ\� ��3OH[� DQG� 6LPRD�� S1)�KHDY\� 'LVFRYHU\� .LW� DUH DWWDFKHG� DV� 
$WWDFKPHQW ������ �QHXURORJ\���3OH[��DQG�$WWDFKPHQW ������ �S1)+�� 
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� &/,1,&$/�&216,'(5$7,216 

��� 8VH�LQ�'UXJ�'HYHORSPHQW 

'XULQJ�GUXJ�GHYHORSPHQW�D�VSRQVRU�PD\�LGHQWLI\�D�QHZ�WKHUDS\�WKDW�FRXOG�VLJQLILFDQWO\� 
LPSURYH�SDWLHQW¶V� OLYHV��EXW� LW�PD\�FDUU\�D�ULVN�IRU�&16�LQMXU\���:LWKRXW�D�ELRPDUNHU�WR�  
HQDEOH�VDIH�HYDOXDWLRQ�LQ�WKH�FOLQLF��LW�LV�XQOLNHO\�WKDW�VXFK�D�GUXJ�FRXOG�HYHU�EH�WHVWHG� 
LQ�KXPDQV���)RU�QHZ�GUXJ�FDQGLGDWHV�ZLWK�DQ�a priori VLJQDO�RI�FRQFHUQ�IRU�&16�LQMXU\� 
�H�J��D�SUHFOLQLFDO�KLVWRORJLF�FKDQJH�RU�EHKDYLRUDO�HIIHFW��D�SRWHQWLDO�FODVV�HIIHFW��HWF����D� 
VSRQVRU�PD\�KDYH�D�FRPSHOOLQJ�DUJXPHQW�IRU�DGYDQFLQJ�WKLV�GUXJ�LQWR�WKH�FOLQLF�VDIHO\� 
�H�J�� HYLGHQFH� WKDW� D� SURSRVHG� 02$� VKRXOG� QRW� WUDQVODWH� WR� KXPDQV�� D� ODUJH� 
WKHUDSHXWLF�LQGH[��VSHFLHV�VHQVLWLYLW\�GLIIHUHQFHV��HWF�����,Q�WKLV�LQVWDQFH��WKH�SURSRVHG� 
QRYHO�VHUXP�ELRPDUNHUV�ZRXOG�EH�PRQLWRUHG�LQ�WUHDWHG�1+9V�LQ�SKDVH���WULDOV�IRU�OHYHOV� 
H[FHHGLQJ�SUHGHWHUPLQHG�WKUHVKROGV�RU�FXWRIIV�DVVRFLDWHG�ZLWK� LQFUHDVHG�ULVN�RI�&16� 
LQMXU\���,I�WKHVH�WKUHVKROGV�DUH�H[FHHGHG��D�ZHLJKW�RI�HYLGHQFH�DSSURDFK�ZRXOG�EH�XVHG� 
IRU�IXUWKHU�GRVLQJ�GHFLVLRQV��)LJXUH������ 7KLV�PD\�LQFOXGH�HYDOXDWLQJ�DGGLWLRQDO�FOLQLFDO� 
GDWD�� DV� ZHOO� DV� FRQGXFWLQJ� IROORZ�XS� LPDJLQJ� �&7�� 05,�� IXQFWLRQDO�� DQG�RU� 
QHXURSV\FKRORJLFDO� WHVWLQJ�� ,I� QR� HYLGHQFH� RI� QHXURWR[LFLW\� FDQ� EH� FRQILUPHG�� KLJKHU� 
GRVHV��GRVLQJ�QH[W�FRKRUW��HWF���PD\�EH�FRQVLGHUHG�ZLWK�FRQWLQXHG�PRQLWRULQJ�� � ,I� WKH� 
PDJQLWXGH�RI�WKH�ELRPDUNHU�FKDQJH�DSSURDFKHV�OHYHOV�DVVRFLDWHG�ZLWK�GHWHFWDEOH�EUDLQ� 
LQMXU\� LGHQWLILHG� LQ� WKH� KXPDQ� TXDOLILFDWLRQ� GDWD� VHWV�� L�H�� WKRVH� GHILQHG� LQ� RXU� �� 
SURSRVHG�&16�LQMXU\�SRSXODWLRQV�D�GHFLVLRQ�WR�VWRS�IXUWKHU�GRVLQJ�PD\�EH�ZDUUDQWHG�� 

)LJXUH������'HFLVLRQ�WUHH�IRU�FOLQLFDO�XVH�RI�&16�LQMXU\�ELRPDUNHUV� 
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��� 3DWLHQW�SRSXODWLRQ�RU�GUXJ�GHYHORSPHQW�VHWWLQJ 

$V� GHVFULEHG� LQ� WKH� &28�� WKH� KXPDQ� SRSXODWLRQ� LQ� ZKLFK� ZH� SURSRVH� WR� XVH� WKHVH� 
ELRPDUNHUV�ZLOO�EH�D�1+9�SRSXODWLRQ�RI�SKDVH���FOLQLFDO�WULDOV���7KLV�SRSXODWLRQ�ZLOO�EH� 
VFUHHQHG� XVLQJ� VWDQGDUG� LQFOXVLRQ� DQG� H[FOXVLRQ� FULWHULD� IRU� SKDVH� �� 1+9V�� � 2XU� 
SURSRVHG�FULWHULD�DUH�DV�IROORZV� 
,QFOXVLRQ�FULWHULD� 

–	 +HDOWK\� IHPDOH� RU� PDOH� VXEMHFWV�� ZKR�� DW� WKH� WLPH� RI� VFUHHQLQJ�� DUH� ���� 
\HDUV� RI� DJH�� +HDOWK\� LV� GHILQHG� DV� QR� FOLQLFDOO\� UHOHYDQW� DEQRUPDOLWLHV� 
LGHQWLILHG� E\� D� GHWDLOHG� PHGLFDO� KLVWRU\�� IXOO� SK\VLFDO� H[DPLQDWLRQ� LQFOXGLQJ� 
EORRG�SUHVVXUH��SXOVH�UDWH�PHDVXUHPHQW��DQG�FOLQLFDO�ODERUDWRU\�WHVWV� 

–	 %RG\�PDVV� LQGH[��%0,��RI������WR������NJ�P���DQG�D�WRWDO�ERG\�ZHLJKW�!��� 
NJ����� OEV�� 

–	 (YLGHQFH� RI� D� SHUVRQDOO\� VLJQHG� DQG� GDWHG� LQIRUPHG� FRQVHQW� GRFXPHQW� 
LQGLFDWLQJ� WKDW� WKH�VXEMHFW�KDV�EHHQ� LQIRUPHG�RI�DOO�SHUWLQHQW�DVSHFWV�RI� WKH� 
VWXG\� 

–	 6XEMHFWV�ZKR�DUH�ZLOOLQJ�DQG�DEOH�WR�FRPSO\�ZLWK�VFKHGXOHG�YLVLWV��ODERUDWRU\� 
WHVWV��DQG�RWKHU�VWXG\�SURFHGXUHV� 

([FOXVLRQ�&ULWHULD� 

–	 (YLGHQFH� RU� KLVWRU\� RI� FOLQLFDOO\� VLJQLILFDQW� KHPDWRORJLFDO�� UHQDO�� HQGRFULQH�� 
SXOPRQDU\�� JDVWURLQWHVWLQDO�� FDUGLRYDVFXODU�� KHSDWLF�� SV\FKLDWULF�� QHXURORJLF�� RU� 
DOOHUJLF�GLVHDVH�� 

–	 7UHDWPHQW�ZLWK�DQ�LQYHVWLJDWLRQDO�GUXJ�ZLWKLQ����GD\V�RU���KDOI�OLYHV�SURFHHGLQJ� 
WKH�ILUVW�VWXG\�SHULRG�ZKLFKHYHU�LV�ORQJHU�� 

–	 6XEMHFWV�ZLWK�DEQRUPDOLWLHV�LQ�FOLQLFDO�ODERUDWRU\�WHVWV�DW�VFUHHQLQJ�� 

–	 2WKHU�DFXWH�RU�FKURQLF�PHGLFDO�RU�SV\FKLDWULF�FRQGLWLRQ� LQFOXGLQJ� UHFHQW� �ZLWKLQ� 
WKH� SDVW� \HDU�� RU� DFWLYH� VXLFLGDO� LGHDWLRQ� RU� EHKDYLRU� RU� ODERUDWRU\� DEQRUPDOLW\� 
WKDW� PD\� LQFUHDVH� WKH� ULVN� DVVRFLDWHG� ZLWK� VWXG\� SDUWLFLSDWLRQ� RU� PD\� LQWHUIHUH� 
ZLWK�WKH�LQWHUSUHWDWLRQ�RI�VWXG\�UHVXOWV�� 

–	 3UHJQDQF\�RU�EUHDVWIHHGLQJ 

��� &OLQLFDO�YDOLGDWLRQ 

7KH�ILUVW�VWHS�RI�RXU�SODQ�ZLOO�EH�WR�XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�&6)�DQG�VHUXP� 
IRU� RXU� ILYH� SURWHLQ� ELRPDUNHUV� WR� VXSSRUW� XVLQJ� VHUXP� DV� D� UHDGLO\� DFFHVVLEOH� IOXLG� 
FRPSDUWPHQW� LQ� VXEVHTXHQW� 1+9� DQG� SDWLHQW� VWXGLHV�� � :H� ZLOO� WKHQ� FKDUDFWHUL]H� RXU� 
SURSRVHG�ELRPDUNHUV� LQ�VHUXP�VDPSOHV�IURP�DQ�XQWUHDWHG�1+9�SRSXODWLRQ�FRQVLVWHQW� 
ZLWK� WKH� W\SLFDO�PDNHXS�RI�YROXQWHHUV� UHFUXLWHG� LQ�SKDVH���FOLQLFDO� WULDOV�� �7KHVH�1+9� 
GDWD�VHWV�ZLOO�DOORZ�XV�WR�FKDUDFWHUL]H�QRUPDO�EDFNJURXQG�YDULDELOLW\�RI�RXU�ELRPDUNHUV� 
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LQ� RUGHU� WR� GHWHUPLQH� VWDQGDUG� UHIHUHQFH� UDQJHV�� XSSHU� OLPLWV� RI� QRUPDO�� FXW�RIIV� RI� 
FRQFHUQ��HWF�� �1H[W��ZH�ZLOO� FKDUDFWHUL]H� WKH� UHVSRQVHV�RI�RXU�ELRPDUNHUV� LQ�7%,�DQG� 
06� SDWLHQWV�� SRSXODWLRQV� WKDW� UHSUHVHQW� LQMXU\� WR� WKH� WZR� PDMRU� W\SHV� RI�  &16� FHOOV�  
�QHXURQDO�DQG�JOLDO����7KHVH�GDWD�VHWV�ZLOO�DOORZ�XV�WR�GHILQH�WKUHVKROGV�DVVRFLDWHG�ZLWK� 
LQMXU\� WR� WKHVH� FHOO� W\SHV� XVLQJ� FXUUHQW� ³JROG� VWDQGDUG´� DVVHVVPHQWV�� H�J�� LPDJLQJ� 
DQG�RU� QHXURSV\FKRORJLFDO� DVVHVVPHQWV�� � )LQDOO\�� ZH� ZLOO� HYDOXDWH� WKH� WKUHVKROGV� 
GHILQHG�DERYH� WR� GHWHFW� &16�LQMXU\� ULVN� LQ� D� GUXJ�LQGXFHG� &16�LQMXU\� PRGHO�� QDPHO\� 
SDWLHQWV ZLWK� J\QHFRORJLFDO� FDQFHU� XQGHUJRLQJ� FKHPRWKHUDS\�� � 7KH� FOLQLFDO� FRKRUWV�� 
VDPSOHV�DQG�DVVD\V�WKDW�ZLOO�VXSSRUW�WKLV�VWUDWHJ\�DUH�LQGLFDWHG�LQ�7DEOH����� 

7DEOH������3URSRVHG�FOLQLFDO�FRKRUWV�DQG�VDPSOHV 

����� &RPSDULVRQ�RI�6HUXP�DQG�&6) 

:H� ZLOO� GHWHUPLQH� OHYHOV� RI� WKH� ILYH� SURWHLQ� ELRPDUNHUV� LQ� SDLUHG� VHUXP� DQG� 
FHUHEURVSLQDO�IOXLG��&6)��VDPSOHV�IURP����SDWLHQWV�ZLWK�06�DQG����SDWLHQWV�ZLWK�7%,�WR� 
DQDO\]H� WKH� UHODWLRQVKLS� EHWZHHQ� VHUXP� DQG� &6)� PHDVXUHPHQWV�� � 7KLV� ZLOO� SURYLGH� 
GDWD� FRQILUPLQJ� WKDW� WKH� VHUXP� FRPSDUWPHQW� UHIOHFWV� &6)� FKDQJHV� LQ� RXU� SURSRVHG� 
ELRPDUNHUV�DQG�WKDW�VHUXP�FDQ�EH�XVHG�DV�UHDGLO\�DFFHVVLEOH�IOXLG�FRPSDUWPHQW�DV�D� 
VXUURJDWH�IRU�&6)�LQ�WKH�SDWLHQW�VWXGLHV�LQGLFDWHG�EHORZ�� 

����� (VWDEOLVKPHQW�RI�5HIHUHQFH�5DQJHV 
:H�ZLOO�GHWHUPLQH�*)$3��1)/��S1)+��7DX��DQG�8&+�/�� LQ�VHUXP�VDPSOHV�FROOHFWHG� 
IURP� QRUPDO� KHDOWK\� YROXQWHHUV� ZLWK� QR� NQRZQ� &16� GLVHDVH� RU� LQMXU\�� WR� REWDLQ� 
EHWZHHQ� VXEMHFW� UHIHUHQFH� UDQJHV� LQ� QRUPDO� KHDOWK\� FRQWUROV� �1 ����� DQG� WR� DVVHVV� 
LQWUD�LQGLYLGXDO� YDULDELOLW\� �1 ��� [ �� WLPHSRLQWV�� RI� WKH� ILYH� ELRPDUNHUV�� :H� ZLOO� DOVR� 
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DQDO\]H� WKH� LQIOXHQFH� RI� DJH�� VH[� DQG� HWKQLFLW\� RQ� WKH� ILYH� ELRPDUNHUV�� $� SUHOLPLQDU\� 
VWDWLVWLFDO�DQDO\VLV�RI�SXEOLVKHG�VHUXP�*)$3��8&+�/���1)/��7DX�DQG�S1)+� OHYHOV� LQ� 
FRQWUROV� �0DUTXHV�� 7�� 0�� HW� DO��� ������ 3DSD�� /�� HW� DO��� ����D�� 3DSD�� /�� HW� DO��� ����E�� 
6KHNKDU��6��HW�DO���������6LQJK��3��HW�DO���������LQGLFDWHV�WKDW�ZLWK�D�VDPSOH�VL]H�RI����� 
WKHUH�LV�DQ�����FKDQFH�WKDW�ZH�ZLOO�GHWHFW�DQWLFLSDWHG�LQFUHDVHV��&RKHQ¶V�'�RI�������DW� 
D����VLJQLILFDQFH�OHYHO��7KXV��VHUXP�VDPSOHV�IURP�XS�WR�����1+9V�VKRXOG�HQDEOH�WKH� 
XVH�RI�VXESRSXODWLRQV�ZLWK�PDWFKHG�GHPRJUDSKLF�GDWD�IRU�FRPSDULVRQV�WR�SDWLHQW�GDWD�� 

����� (YDOXDWLRQ�RI�,QMXU\�'LVHDVH�6WDWHV 

������� ([SORUDWRU\�3KDVH 

7UDXPDWLF�%UDLQ�,QMXU\��7%,� 
:H� ZLOO� TXDQWLI\� WKH� OHYHOV� RI� WKH� ILYH� SURWHLQ� ELRPDUNHUV� LQ� Q ���� VHUXP� VDPSOHV� 
ZLWKGUDZQ� ZLWKLQ� ��� KRXUV� RI� LQMXU\� IURP� SDWLHQWV� GLDJQRVHG� ZLWK� PLOG�PRGHUDWH� 7%,� 
�*ODVJRZ�&RPD�6FDOH�VFRUH�RI��������:H�ZLOO�XVH�VWDWLVWLFDO�PRGHOV�RQ�PHDVXUHV�IURP� 
WKLV� SDWLHQW� SRSXODWLRQ� DORQJ� ZLWK� UHIHUHQFH� UDQJHV� IURP� KHDOWK\� YROXQWHHUV� WR� GHILQH� 
FXW�RII� WKUHVKROGV� WKDW� DUH� SUHGLFWLYH� RI� 7%,� IRU� HDFK� ELRPDUNHU�� RU� FRPELQDWLRQV� RI� 
ELRPDUNHUV�� LQ� VHUXP �VHH� WKH� VWDWLVWLFDO� DQDO\VLV� SODQ� �6$3�� LQ� $WWDFKPHQW� �������� 
0RGHOV�PD\�DOVR�EH�GHYHORSHG�WKDW�IXUWKHU�VWUDWLI\�SDWLHQWV�EDVHG�RQ�*&6�DQG�LPDJLQJ� 
VFRUHV� REWDLQHG� IURP� DOO� SDWLHQWV�� � *LYHQ� WKH� H[WHQVLYH� OLWHUDWXUH� DQG� UHFHQW� )'$� 
DSSURYDO�RI�VHUXP�*)$3�DQG�8&+�/��IRU�XVH�ZLWK�7%,��RXU�7%,�GDWD�VHWV�ZLOO�HQDEOH�XV� 
WR�EHQFKPDUN�RXU�DVVD\V�DQG�UHVXOWV�DJDLQVW�WKLV�SXEOLVKHG�ZRUN�� 

0XOWLSOH�6FOHURVLV��06� 
:H� ZLOO� OHYHUDJH� DQ� RQJRLQJ� ORQJLWXGLQDO� SURVSHFWLYH� FRKRUW� �%HUOLQ� &,6�&RKRUW�� 
�&OLQLFDO7ULDOV�JRY��������RI�!��� SDWLHQWV�ZLWK�D�FOLQLFDOO\�LVRODWHG�V\QGURPH��&,6��WKH� 
ILUVW� FOLQLFDO� PDQLIHVWDWLRQ� RI� 06�� RU� HDUO\� UHODSVLQJ�UHPLWWLQJ� 06�� ZKLFK� VWDUWHG� 
UHFUXLWPHQW� LQ� ������ 3DWLHQWV� LQFOXGHG� LQ� WKH� FRKRUW� XQGHUJR� D� EDVHOLQH� DQG� \HDUO\� 
IROORZ�XS� H[DPLQDWLRQV�� LQFOXGLQJ� FOLQLFDO� HYDOXDWLRQ�� VDPSOLQJ� RI� ELRVSHFLPHQV�� 
FHUHEUDO�05,��DQG�QHXURSV\FKRORJLFDO� WHVWLQJ��:H�ZLOO�PHDVXUH�WKH�ILYH ELRPDUNHUV� LQ� 
Q ����EDVHOLQH�DQG�Q ����RQH�\HDU�IROORZ�XS�VHUXP�VDPSOHV��6LPLODU�WR�7%,�SDWLHQWV�� 
ZH�ZLOO�XVH�VWDWLVWLFDO�DVVHVVPHQW�RQ�PHDVXUHV�IURP�WKLV�SDWLHQW�SRSXODWLRQ�DORQJ�ZLWK� 
WKRVH�IURP�RXU�KHDOWK\�YROXQWHHUV�WR�HQDEOH�XV�WR�GHILQH�FXW�RII�WKUHVKROGV�SUHGLFWLYH�RI� 
&,6�06�IRU�HDFK�ELRPDUNHU��RU�FRPELQDWLRQV�RI�ELRPDUNHUV��LQ�VHUXP���7KH�DYDLODELOLW\� 
RI� DWURSK\� GDWD� IURP� FHUHEUDO� 05,V� DQG� UHVXOWV� RI� QHXURSV\FKRORJLFDO� WHVWLQJ� DIWHU� D� 
IROORZ�XS� RI� WZR� \HDUV� ZLOO� HQDEOH� XV� WR� HYDOXDWH� WKH� ILYH� SURWHLQ� ELRPDUNHUV� DJDLQVW� 
WKHVH� HVWDEOLVKHG� PHDVXUHV� RI� QHXURWR[LFLW\�� :H� ZLOO� EHQFKPDUN� RXU� UHVXOWV� DJDLQVW� 
SUHYLRXV�DQDO\VHV�RI�1)/�LQ�VHUXP�DV�D�PDUNHU�IRU�QHXURGHJHQHUDWLRQ�LQ�&,6�06�DQG� 
ZLOO�DOVR�EH�DEOH�WR�FODULI\�WKH�UROH�RI�WKH�RWKHU�IRXU�SURWHLQ�ELRPDUNHUV�LQ�WKLV�FRQWH[W� 
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������� &RQILUPDWRU\�3KDVH 
7KH�FXW�RII�WKUHVKROGV�GHILQHG�LQ�WKH�7%,�DQG�06�SDWLHQW�SRSXODWLRQV�ZLOO�EH�HYDOXDWHG� 
LQ� �� SDWLHQWV� UHFHLYLQJ� FKHPRWKHUDS\�� 3DWLHQWV� ZLOO� DOVR� EH� HYDOXDWHG� IRU� DVVRFLDWHG� 
FKDQJHV� LQ� QHXURSV\FKLDWULF� RU� SHULSKHUDO� QHXURSDWK\� VFRUHV�� 7KH� DELOLW\� RI� WKHVH� 
ELRPDUNHUV� WR� GHWHFW� FKHPRWKHUDS\�LQGXFHG� &16� LQMXU\� �FKHPREUDLQ�� ZLOO� EH� 
GHWHUPLQHG�� 

'UXJ�LQGXFHG�&16�LQMXU\��&KHPREUDLQ� 
:H�ZLOO�PDNH�XVH�RI�DQ�RQJRLQJ�ORQJLWXGLQDO�SURVSHFWLYH�FRKRUW�IURP�WKH�VWXG\�HQWLWOHG�� 
&KHPRWKHUDS\�LQGXFHG� &RJQLWLYH� $OWHUDWLRQV� LQ� 5HFUXLWV� :LWK� 2YDULDQ� DQG� %UHDVW�  
&DQFHU� �&,&$52�� �&OLQLFDO7ULDOV�JRY�� ������ WKDW VWDUWHG� UHFUXLWPHQW� LQ� ������ ,Q� WKLV� 
VWXG\�� QHXURWR[LF� HIIHFWV� RI� FKHPRWKHUDS\� LQ� SDWLHQWV� ZLWK� PDPPDU\� RU� RYDULDQ� 
FDUFLQRPD� DUH� EHLQJ� DVVHVVHG�� )RU� ERWK�� SDWLHQWV� ZLWK� PDPPDU\� FDUFLQRPD� DQG� 
SDWLHQWV�ZLWK�RYDULDQ�FDUFLQRPD��WKH�VWXG\�KDV�D�WUHDWPHQW�DQG�D�FRQWURO�DUP��3DWLHQWV� 
ZLWK�KLVWRORJLFDOO\�FRQILUPHG�PDPPDU\�FDUFLQRPD�DUH� WUHDWHG�HLWKHU�ZLWK�FRPELQDWLRQ� 
FKHPRWKHUDS\�� LQFOXGLQJ� SDFOLWD[HO�� HSLUXELFLQH� DQG� F\FORSKRVSKDPLGH� 
�FKHPRWKHUDS\��� RU� ZLWK� DQWLKRUPRQDO� WKHUDS\� �FRQWURO��� 3DWLHQWV� ZLWK� KLVWRORJLFDOO\� 
FRQILUPHG RYDULDQ� FDUFLQRPD� UHFHLYH� WUHDWPHQW� ZLWK� SDFOLWD[HO�� FDUERSODWLQ� DQG� 
RSWLRQDOO\� EHYDFL]XPDE� �FKHPRWKHUDS\��� 3DWLHQWV� ZLWK� EHQLJQ� J\QDHFRORJLFDO� WXPRUV� 
VHUYH� DV� FRQWUROV�� $OO� SDWLHQWV� DQG� FRQWUROV� XQGHUJR� FOLQLFDO� H[DPLQDWLRQV�� 
QHXURSV\FKRORJLFDO� WHVWLQJ�� WRWDO� QHXURSDWK\� VFRUH� �716��� DQG� FROOHFWLRQ� RI� 
ELRVSHFLPHQV�EHIRUH�DQG���PRQWKV�DIWHU�VWDUW�RI�FKHPRWKHUDS\��:H�ZLOO�PHDVXUH� WKH� 
ILYH� SURWHLQ� ELRPDUNHUV� LQ� Q ��� SDWLHQWV� EHIRUH� DQG� �� PRQWKV� DIWHU� VWDUW� RI� 
FKHPRWKHUDS\��/LNHZLVH��ZH�ZLOO�GHWHUPLQH�WKH���ELRPDUNHUV�LQ�Q ���SDWLHQWV�IURP�WKH� 
FRQWURO�JURXSV�DW�EDVHOLQH�DQG�PRQWK����:H�ZLOO�DOVR�FRPSDUH�WKH�ELRPDUNHU�OHYHOV�LQ� 
WKH�SDWLHQW�SRSXODWLRQV�ZLWK�UHIHUHQFH�UDQJHV�REWDLQHG� LQ�KHDOWK\�FRQWUROV��7KLV�VWXG\� 
GHVLJQ� ZLOO� SHUPLW� XV� WR� HYDOXDWH� ZKHWKHU� VHUXP� OHYHOV� RI� RQH� RU� PRUH� RI� WKH� ILYH� 
ELRPDUNHUV� DVVRFLDWHG� ZLWK� &16� LQMXU\� LQ� RXU� H[SORUDWRU\� VWXGLHV�  LQ� 7%,� DQG� 06�  
SDWLHQWV� ZLOO� EH� SUHGLFWLYH� RI� FKHPRWKHUDS\� LQGXFHG� EUDLQ� LQMXU\� �FKHPREUDLQ�� DV� 
SUHYLRXVO\� VXJJHVWHG� IRU� S1)+ �1DWRUL�� $�� HW� DO��� ������ 3HW]ROG�� $�� HW� DO��� ������ 
)XUWKHUPRUH�� ZH� ZLOO� DQDO\]H� DVVRFLDWLRQV� RI� WKH� ILYH� ELRPDUNHUV� ZLWK� UHVXOWV� IURP� 
QHXURSV\FKRORJLFDO� WHVWLQJ� DQG� 716� WR� EHQFKPDUN� WKHP� DJDLQVW� WKHVH� HVWDEOLVKHG� 
PDUNHUV�RI�QHXURWR[LFLW\� 

��� %HQHILWV�DQG�ULVNV 

'XULQJ� GUXJ� GHYHORSPHQW� D� VSRQVRU� PD\� LGHQWLI\� D� EUHDNWKURXJK� WKHUDS\� WKDW� FRXOG� 
VLJQLILFDQWO\�LPSURYH�SDWLHQW¶V�OLYHV��+RZHYHU��LI�WKDW�QHZ�WKHUDS\�FDUULHV�D�ULVN�IRU�&16� 
LQMXU\� DQG� QR� ELRPDUNHU� H[LVWV� WR� HQDEOH� VDIH� HYDOXDWLRQ� LQ� WKH� FOLQLF�� LW� LV� XQOLNHO\� WR� 
HYHU�EH�WHVWHG�LQ�KXPDQV���$�FOHDU�EHQHILW�IRU�VHUXP�EDVHG�ELRPDUNHUV�RI�&16�LQMXU\�LV� 
WKXV�WR�LPSURYH�GUXJ�GHYHORSPHQW�HIILFLHQF\�E\�HQDEOLQJ�VDIH�FOLQLFDO�HYDOXDWLRQ�RI�QHZ� 
FKHPLFDO�HQWLWLHV�� �7KH�ULVNV�DVVRFLDWHG�ZLWK� WKH�XVH�RI� WKH�SURSRVHG�ELRPDUNHUV� LQ�D� 
FOLQLFDO� VHWWLQJ� LQFOXGH� WKH� OLPLWV� RI� DQ\� ELRPDUNHU�� SHUKDSV� PRVW� LPSRUWDQWO\� WKH� 
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SRWHQWLDO� IRU� IDOVH� QHJDWLYH� ELRPDUNHU� UHVXOWV�� 'XULQJ� GHYHORSPHQW� DQG� HYDOXDWLRQ� RI� 
WKH�SURSRVHG�VHUXP�ELRPDUNHUV�RI &16� LQMXU\�ZH�ZLOO� RSWLPL]H� WKH�SUHGLFWLYLW\�RI�RXU� 
DVVD\� LQ�RUGHU� WR�PLQLPL]H� WKHVH�ULVNV�� �+RZHYHU��VXFK�ULVNV�DUH�DVVRFLDWHG�ZLWK�DQ\� 
GLDJQRVWLF� WHVW� DQG� FDQ� EH� PLWLJDWHG� E\� XVLQJ� FOHDUO\� GHILQHG� GHFLVLRQ� FULWHULD� �VHH� 
GHFLVLRQ�WUHH�LQ )LJXUH������ 

��� &XUUHQW�NQRZOHGJH�JDSV��OLPLWDWLRQV��DQG�DVVXPSWLRQV 

:H�FKRVH�WKH�ILYH�����SURSRVHG�SURWHLQ�PDUNHUV�EHFDXVH�WKHVH�ELRPDUNHUV�KDYH�EHHQ� 
VWXGLHG� H[WHQVLYHO\� LQ� KXPDQ� QHUYRXV� V\VWHP� GLVHDVHV� DQG� LQMXULHV�� � :H FKRVH� WKH� 
SURSRVHG� SDWLHQW� SRSXODWLRQV� �7%,�� 06� DQG� FKHPREUDLQ�� EHFDXVH� WKH\� UHSUHVHQW� 
GLYHUVH� &16� LQMXU\� FRQGLWLRQV�� UDQJLQJ� IURP� SK\VLFDO� LQMXU\� WR� &16� GLVHDVH� WR� 
FKHPLFDO�LQGXFHG�LQMXU\��DQG�WKH\�UHSUHVHQW�LQMXU\�WR�WKH�WZR�PDMRU�W\SHV�RI�&16�FHOOV� 
�QHXURQDO�DQG�JOLDO���$GGLWLRQDOO\��7%,�SDWLHQWV�RIIHU�XV� WKH�DGGHG�DGYDQWDJH�RI�EHLQJ� 
DEOH�WR�EHQFKPDUN�RXU�ELRPDUNHU�UHVSRQVHV�DJDLQVW�WKH�H[WHQVLYH�SXEOLVKHG�OLWHUDWXUH� 
DYDLODEOH�IRU�RXU�SURSRVHG�ELRPDUNHUV�DQG�7%,���:H�K\SRWKHVL]H�WKDW�PDUNHUV�WKDW�DUH� 
VHQVLWLYH� DFURVV� DOO� �� RI� WKHVH� SDWLHQW� SRSXODWLRQV� DUH� PRVW� OLNHO\� WR� EH� JHQHUDOO\� 
DSSOLFDEOH� IRU� RXU� &28�� +RZHYHU�� ZH� UHFRJQL]H� WKDW� ZH� DUH� DVVXPLQJ� WKDW� NH\� 
XQGHUO\LQJ� SDWKRSK\VLRORJLFDO� SURFHVVHV� ZLWKLQ� RXU� VXUURJDWH� SDWLHQW� SRSXODWLRQV�� L�H� 
WUDXPDWLF�EUDLQ�LQMXU\�DQG�QHXURLQIODPPDWRU\ GLVHDVH�SDWLHQWV��DUH�DOVR�SUHVHQW�ZLWKLQ� 
D� GUXJ�LQGXFHG� &16� LQMXU\� SRSXODWLRQ�� � :H� K\SRWKHVL]H� WKDW� FHOOXODU� GDPDJH� LV� D� 
FRPPRQ�SURFHVV�DFURVV�DOO���SRSXODWLRQV�DQG�WKDW�LQMXU\�RI�QHXUDO�DQG�JOLDO�FHOOV�ZLOO�EH� 
GHWHFWDEOH XVLQJ�RQH�RU�PRUH�RI�RXU���SURSRVHG�VHUXP�EDVHG�ELRPDUNHUV��6XSSRUWLQJ� 
LQIRUPDWLRQ�LV�RXWOLQHG�LQ�6HFWLRQ�� EHORZ�� 

� 6833257,1*�,1)250$7,21 

��� $VVRFLDWLRQ�RI�ELRORJLFDO�SURFHVVHV ZLWK�SURSRVHG ELRPDUNHUV 
7KHUH�DUH PDQ\�FDXVHV�RI�EUDLQ�LQMXU\�LQFOXGLQJ�SK\VLFDO�WUDXPD��GLVHDVH�SURFHVVHV�RU� 
FKHPLFDO� LQVXOW�� �7KHUH�DUH�DOVR�PDQ\�VXEVHTXHQW�SURFHVVHV�DQG�SDWKZD\V� WKDW�PD\� 
OHDG�WR�QHUYRXV�V\VWHP�G\VIXQFWLRQ��LQFOXGLQJ�QHXURLQIODPPDWLRQ��R[LGDWLYH�VWUHVV��DQG� 
PLWRFKRQGULDO� G\VIXQFWLRQ� �.DQWKDVDP\�� $�� HW� DO��� ������� � +RZHYHU�� DQ� RXWFRPH� 
FRPPRQ�WR�DOO�WKHVH�SURFHVVHV�DQG�SDWKZD\V�LV�FHOOXODU�GDPDJH���&HOOXODU�GDPDJH��LI� 
VXIILFLHQWO\� VHYHUH�� PD\� OHDG� WR� FHOO� GHDWK� RU� XQFRPSHQVDWHG� ORVV� RI� IXQFWLRQ�� � :H� 
K\SRWKHVL]H� WKDW� ELRPDUNHUV� VHQVLWLYH� WR� FHOOXODU� GDPDJH� ZLWKLQ� WKH� &16� ZLOO� HQDEOH� 
GHWHFWLRQ� RI� GUXJ�LQGXFHG� QHXURWR[LFLW\� EHIRUH� LW� EHFRPHV� LUUHYHUVLEOH� RU� LPSDFWV� 
QRUPDO� IXQFWLRQ�� � $� ELRPDUNHU� WKDW� LV VSHFLILF� WR� D� SDUWLFXODU� UHJLRQ� RI� WKH� EUDLQ� RU� D� 
SDUWLFXODU� GLVHDVH� VWDJH� RU� LQMXU\� SURFHVV� LV� QRW� QHFHVVDU\ IRU� RXU� SURSRVHG� &28� 
5DWKHU� IRU�RXU�SURSRVHG�&28��WKH�ELRPDUNHU�V��RQO\�QHHG�WR�EH�VHQVLWLYH�DQG�VSHFLILF� 
LQGLFDWRUV�RI�LQMXU\�WR�FHOOV�LQ�WKH�&16�� 
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&HOO� GDPDJH� LV� W\SLFDOO\� DVVRFLDWHG� ZLWK� D� FKDQJH� LQ� PHPEUDQH� SHUPHDELOLW\�� � 7KH� 
SODVPD� PHPEUDQH� RI� LQMXUHG� RU� G\LQJ� FHOOV� ORVH� WKHLU� EDUULHU� IXQFWLRQ� DQG� ZLOO� OHDN� 
LQWUDFHOOXODU�SURWHLQV� LQWR� WKH�VXUURXQGLQJ�HQYLURQPHQW� �.ULVWHQVHQ��6��5���������� �)RU�  
H[DPSOH��GDPDJHG�KHSDWRF\WHV�OHDN�LQWUDFHOOXODU�HQ]\PHV�LQWR�WKH�V\VWHPLF�FLUFXODWLRQ� 
DQG�FRQFHQWUDWLRQV�RI�WKHVH�HQ]\PHV��H�J��$/7��$67��LQ�WKH�EORRG�DUH�XVHG�DV�PDUNHUV� 
RI� KHSDWRF\WH� LQMXU\� �.DPLLNH�� :�� HW� DO��� ������ 3UDWW�� '�� 6�� .DSODQ�� 0�� 0��� ����� 
5HLFKOLQJ�� -�� -�� .DSODQ�� 0�� 0��� ������ 6KHUPDQ�� .�� (��� ������� 7KXV�� H[WUDFHOOXODU� 
GHWHFWLRQ�RI�SURWHLQV�XQLTXH�RU�HQULFKHG�LQ�D�SDUWLFXODU�FHOO�W\SH�FDQ�EH�XVHG�WR�GHWHFW� 
RUJDQ�VSHFLILF�FHOO�LQMXU\�RU�GHDWK���$V�LQGLFDWHG�HDUOLHU��OHDNDJH�RI�SURWHLQV�H[SUHVVHG� 
LQ�WKH�&16�WR�WKH�V\VWHPLF�FLUFXODWLRQ��LQFOXGLQJ�WKH���ZH�KDYH�SURSRVHG��DUH�UHSRUWHG� 
DV�SRWHQWLDO�ELRPDUNHUV�RI�&16�LQMXU\�DQG�GLVHDVH��0DUTXHV��7��0��HW�DO���������3DSD�� 
/� HW�DO�������D��3DSD��/��HW�DO�������E��6KHNKDU��6��HW�DO���������6LQJK��3��HW�DO��������� 
1RWDEO\�&16�GHULYHG�SURWHLQV ZLOO�DOVR�QHHG�WR�FURVV�WKH�EORRG�EUDLQ�EDUULHU� �%%%�� LQ 
RUGHU� WR� EH� GHWHFWHG� LQ� WKH� SHULSKHUDO� FLUFXODWLRQ�� � &KDQJHV� LQ� SDVVLYH� RU� DFWLYH 
WUDQVSRUW�DFURVV� WKH�%%%�ZLOO� LPSDFW� WKH� OHYHO�RI�FLUFXODWLQJ�ELRPDUNHUV�� 7KXV��EUDLQ� 
GHULYHG�SURWHLQV�PD\�DOVR�EH�XVHG�DV�LQGLFDWRUV�RI�GDPDJH�WR�WKH�%%%��.DZDWD��.��HW 
DO��������� 

$OO� ILYH RI� WKH� SURWHLQV� ZH� SURSRVH� WR� HYDOXDWH� �*)$3�� 8&+�/��� 1)/�� S1)+�� � 7DX�� 
GHULYH�SULPDULO\�IURP�QHUYRXV�V\VWHP�WLVVXHV��*)$3�LV�DQ�LQWHUPHGLDWH�ILODPHQW�IRXQG� 
SULPDULO\� LQ� DVWURF\WHV� RI� WKH� &16� �<DQJ�� =�� :DQJ�� .�� .��� ������� � 8&+�/�� LV� D� 
GHXELTXLWLQDWLQJ�HQ]\PH�WKDW�LV�KLJKO\�H[SUHVVHG�LQ�QHXURQV�D[RQV�RI�WKH�&16��:LOVRQ� 
3�� 2�� HW� DO��� ������� � %RWK� *)$3� DQG� 8&+�/� KDYH� EHHQ� H[WHQVLYHO\� VWXGLHG� DV� 
ELRPDUNHUV�RI� WUDXPDWLF�EUDLQ� LQMXU\� �%D]DULDQ��-�� -�� HW� DO���������7DNDOD��5��6��HW� DO��� 
������ ,Q� IDFW��VHUXP�EDVHG�PHDVXUHV�RI� WKHVH� WZR�SURWHLQV�ZHUH�UHFHQWO\�DSSURYHG� 
E\�WKH�)'$�IRU�XVH�ZLWK�WULDJLQJ�SDWLHQWV�ZLWK�7%,�IRU�&7�VFDQV� 1)/�DQG�1)+�DUH�ERWK� 
F\WRVNHOHWDO�LQWHUPHGLDWH�ILODPHQWV H[SUHVVHG�LQ�QHXURQV�D[RQV��<XDQ��$��HW�DO��������� 
1HXURILODPHQW�SURWHLQV�KDYH�EHHQ�VWXGLHG�DV�ELRPDUNHUV�RI�D[RQDO�LQMXU\��GHJHQHUDWLRQ� 
DQG� ORVV� �3HW]ROG�� $��� ������ 6KDZ�� *�� HW� DO��� ������ 7DX� LV� D� PDMRU� PLFURWXEXOH� 
DVVRFLDWHG� SURWHLQ� H[SUHVVHG� LQ� WKH� &16� �0RUULV�� 0�� HW� DO��� ������� ZKLFK� KDV� EHHQ� 
VWXGLHG�H[WHQVLYHO\�DV�D�ELRPDUNHU�RI�QHXURGHJHQHUDWLYH�GLVHDVHV��6FKUDHQ�0DVFKNH� 
6� HW�DO�����������*LYHQ�WKDW�DOO�ILYH RI�WKHVH�SURWHLQV�DUH�KLJKO\�H[SUHVVHG�ZLWKLQ�FHOOV�RI 
WKH�&16�DQG�WKDW�DOO���KDYH�EHHQ�VWXGLHG�H[WHQVLYHO\�DV�SRWHQWLDO�ELRPDUNHUV�RI�FHOOXODU 
GDPDJH� DVVRFLDWHG� ZLWK� &16� LQMXU\� DQG�RU� GLVHDVH�� ZH� K\SRWKHVL]H� WKDW� WKHVH� � 
SURWHLQV� DUH� H[FHOOHQW� FDQGLGDWHV� IRU� V\VWHPLF� ELRPDUNHUV� RI� GUXJ�LQGXFHG 
QHXURWR[LFLW\�� � +RZHYHU�� LW� LV� LPSRUWDQW� WR� NHHS� LQ� PLQG� WKDW� WKH\� DUH� QRW� H[SUHVVHG 
H[FOXVLYHO\� ZLWKLQ� WKH� &16�� � 6RPH� DUH H[SUHVVHG� ZLWKLQ� WKH� 316� DQG� HYHQ� QRQ� 
QHUYRXV�WLVVXHV���7KXV��OLNH�PRVW�ELRPDUNHUV�PRQLWRUHG�ZLWKLQ�WKH�V\VWHPLF�FLUFXODWLRQ� 
VSHFLILFLW\� WR� &16� LQMXU\� ZLWKLQ� WKH� SURSRVHG� &28� ZLOO� QHHG� WR� EH� FRQILUPHG�� � 7R 
DQDO\]H WKH� LQIOXHQFH�RI� WZR� LPSRUWDQW�V\VWHPLF�RUJDQ� LQMXU\�RQ� WKH���ELRPDUNHUV�ZH 
FRXOG PHDVXUH� WKH� �� ELRPDUNHUV� LQ� VDPSOHV� IURP� SDWLHQWV� ZLWK� NLGQH\� LQMXU\� RU� OLYHU 
LQMXU\��EXW�ZLWKRXW�&16�GLVHDVH� 
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��� 1RQFOLQLFDO�SODQV�DQG�FRQVLGHUDWLRQV 

:H� SODQ� WR� VWXG\� QRQFOLQLFDO� PRGHOV� RI� QHUYRXV� V\VWHP� LQMXU\� WR� SURYLGH� VXSSRUWLYH� 
LQIRUPDWLRQ� IRU� WKH�TXDOLILFDWLRQ� RI�ELRPDUNHUV�RI�QHUYRXV�V\VWHP� LQMXU\� IRU�D�SKDVH��� 
FOLQLFDO�WULDO�VHWWLQJ��3URSRVHG�ELRPDUNHUV�DUH�FRQVHUYHG DFURVV�VSHFLHV�DQG�DQDO\WLFDO� 
DVVD\V�IRU�URGHQWV�DUH�DYDLODEOH�IRU�PRVW�RI�WKH�ELRPDUNHUV��(YDOXDWLRQ�RI�ELRPDUNHUV�LQ� 
QRQFOLQLFDO� VSHFLHV� ZLOO� SURYLGH� GLUHFW� OLQN� WR� KLVWRSDWKRORJLFDO� FKDQJHV� DQG� JUHDWO\� 
H[SDQG� WKH� DPRXQW� RI� WUHDWPHQWV� WKDW� FDQ� EH� LQWHUURJDWHG� VLQFH� ZH� DUH� SUDFWLFDOO\� 
OLPLWHG� LQ� WKH� QXPEHU� RI� KXPDQ� SDWLHQW� SRSXODWLRQV� ZH� FDQ� HYDOXDWH�� $GGLWLRQDOO\�� 
VWXGLHV�FDQ�EH�GHVLJQHG� WR�VWXG\�ELRPDUNHU� UHVSRQVH� WR� LQFUHDVLQJ�GRVH� DQG�GRVLQJ� 
GXUDWLRQ� DQG� PRQLWRU� UHFRYHU\� ZKHUH� SRVVLEOH�� � 1RQFOLQLFDO� GDWD� ZRXOG� DOVR� SURYLGH� 
VXSSRUWLYH�HYLGHQFH�WKDW� WKH�SURSRVHG�ELRPDUNHUV�DUH� OLNHO\� WR�EH�JHQHUDO�PDUNHUV�RI� 
GUXJ�LQGXFHG� &16� LQMXU\� DQG� QRW� MXVW� VSHFLILF� WR� WKH� SDWLHQW� SRSXODWLRQV� ZH� DUH� 
SURSRVLQJ��+RZHYHU��ZH�GR�QRW�HQYLVLRQ�WKDW�DQ\�RI�RXU�QRQFOLQLFDO�GDWD�ZRXOG�IRUP�D� 
SULPDU\�EDVLV�IRU�WKH�ILQDO�TXDOLILFDWLRQ�GHFLVLRQ�DQG�RXU�SURSRVHG�&28�� 

7R�DFKLHYH�WKH�PD[LPXP�QXPEHU�DQG�GLYHUVLW\�RI�QRQFOLQLFDO�VWXGLHV�XVHG��ZH�SODQ�WR� 
SXUVXH� LQWHUDFWLRQV�ZLWK� WKH� ,0,�1HXURGHULVN�JURXS� DV�ZHOO�DV� WKH�+(6,�QHXURWR[LFLW\�  
ELRPDUNHUV� VXEFRPPLWWHH�� :H� SODQ� WR� SHUIRUP� DGGLWLRQDO� URGHQW� VWXGLHV� ZLWK� GLYHUVH� 
PHFKDQLVPV�RI�QHXURWR[LFLW\�DQG�WDUJHWV��OLQNDJH�WR�FHUWDLQ�EUDLQ�FHOO�W\SH�RU�316�&16� 
ORFDOL]DWLRQ�RI�LQMXU\��� 

3URSRVHG�ELRPDUNHUV�KDYH�EHHQ�VWXGLHG�LQ�QRQFOLQLFDO�PRGHOV��HYHQ�WKRXJK�QRW�WR�WKH� 
H[WHQW� RI� WKH� SXEOLFDWLRQV� LQ� KXPDQV�� S1)+� KDV� EHHQ� VKRZQ� WR� EH� LQFUHDVHG� LQ� UDW� 
VHUXP�RI�WUDXPDWLF�D[RQDO� LQMXU\��<DQJ��=��HW�DO�������� DV�ZHOO�DV� LQ�PRXVH�PRGHO�RI� 
$/6� LQ� 62'�*��$ PLFH �/X�� &�� +�� HW� DO��� ������� 1)�/� ZDV� LQFUHDVHG� LQ� SODVPD� RI� 
FKHPRWKHUDS\�LQGXFHG�SHULSKHUDO�QHXURSDWK\ LQ�UDW �0HUHJDOOL��&��HW�DO�������� DV�ZHOO� 
DV� LQ� 5���� PRXVH� PRGHO� RI� +XQWLQJWRQ� GLVHDVH �6R\OX�.XFKDU]�� 5�� HW� DO��� ����� DQG 
PRXVH�PRGHOV�RI�SURWHRSDWKLF�QHXURGHJHQHUDWLYH�GLVHDVHV��%DFLRJOX��0��HW�DO��������� 
1)/� ZDV� DOVR� LQFUHDVHG� LQ &6) DQG� EORRG LQ� LQGXFLEOH� WUDQVJHQLF &DP.,,�7HW2S�� 
PRXVH PRGHO RI� QHXURGHJHQHUDWLRQ� �%UXUHDX�� $�� HW� DO��� ������ 6LPLODUO\� WR� KXPDQ�� 
LQFUHDVHG�OHYHOV�RI�*)$3�DIWHU�7%,�KDYH�EHHQ�VKRZQ�LQ�UDW�&6)��'H'RPLQLFLV��.��(��HW 
DO��� ����� DQG� LQ� UDW�SODVPD�DQG�&6)� �+XDQJ��;�� -��HW�DO��� �������8&+�/�� LQFUHDVHV� 
DIWHU�7%,�ZHUH�DOVR�REVHUYHG�LQ�UDW�SODVPD�DQG�&6)��+XDQJ��;��-��HW�DO��������� 7DX�LQ� 
&6)�DQG�VHUXP�ZDV�LQFUHDVHG�LQ�UDW�PRGHO�RI�WUDXPDWLF�VSLQDO�FRUG�LQMXU\ �7DQJ��<��HW 
DO��� ����� DQG� LQ� URGHQWV� IROORZLQJ� FRQWUROOHG� FRUWLFDO� LPSDFW �5XEHQVWHLQ�� 5�� HW� DO�� 
������ 
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7DEOH������3ODQQHG�VWXGLHV�LQ�QRQFOLQLFDO�VSHFLHV�WR�VXSSRUW�XQGHUVWDQGLQJ�RI� 
ELRPDUNHU�UHVSRQVH�WR�',1, 
7R[LFDQW���DQLPDO 0HFKDQLVP 1HUYRXV�V\VWHP�GDPDJH 

��)8 ��PRXVH ,QKLELWV�WKH�HQ]\PH�WK\PLG\ODWH� 
V\QWKDVH�EORFNLQJ�WKH�WK\PLGLQH� 
IRUPDWLRQ�UHTXLUHG�IRU�'1$�V\QWKHVLV 

0RGHO�RI�GHOD\HG�GDPDJH�WR� 
P\HOLQDWHG�WUDFWV�RI�WKH�&16� 
$VVRFLDWHG�ZLWK�DOWHUHG� 
WUDQVFULSWLRQDO�UHJXODWLRQ�LQ� 
ROLJRGHQGURF\WHV�DQG� 
H[WHQVLYH�P\HOLQ�SDWKRORJ\� 

&XSUL]RQH���UDW &KHODWRU�RI�FRSSHU��5HGXFHV�WKH� 
PLWRFKRQGULDO�DFWLYLW\�DQG�PHWDEROLVP� 
RI�ROLJRGHQGURF\WHV�ZLWK�DFWLYDWLRQ�RI� 
R[LGDWLYH�VWUHVV�DQG�526�SURGXFWLRQ�� 
7KHVH�HYHQWV�WULJJHU� 
PLFURJOLDO�PDFURSKDJH�UHFUXLWPHQW� 
DQG��VXEVHTXHQWO\��WKH�VHFUHWLRQ�RI� 
SURLQIODPPDWRU\�F\WRNLQHV��ZKLFK� 
XOWLPDWHO\�SURPRWH�ROLJRGHQGURF\WH� 
GHDWK�RU�LQKLELW�GLIIHUHQWLDWLRQ� 

(VWDEOLVKHG�DQLPDO�PRGHO�RI� 
06��,QGXFHV�VHYHUH� 
ROLJRGHQGURF\WH�GDPDJH�ZLWK� 
FRQFRPLWDQW�PLFURJOLDO� 
DFWLYDWLRQ�DQG�VHYHUH� 
DVWURF\WRVLV��3RWHQWLDO�IRU� 
UHJHQHUDWLRQ��UHP\HOLQDWLRQ��� 

��&KORURSURSULRQLF�$FLG � 
UDW 

'HSOHWHV�JOXWDWKLRQH��OLYHU�DQG�EUDLQ� 1HFURVLV�WR�WKH�JUDQXOH�FHOO� 
OD\HU�RI�WKH�UDW�FHUHEHOOXP�DQG� 
3XUNLQMH�FHOOV 

'R[RUXELFLQ�(SLUXELFLQ �� 
UDW 

,QWHUIHUHV�ZLWK�WKH�IXQFWLRQ�RI�'1$� 
�GHR[\ULERQXFOHLF�DFLG��WRSRLVRPHUDVH� 
,, 

&DXVHV�FRJQLWLYH�G\VIXQFWLRQ� 
LQ�SDWLHQWV��'RHV�QRW�FURVV�WKH� 
%%%��,Q�UDW�FDXVHV�OHVLRQV�LQ� 
316�±�GRUVDO�URRW�JDQJOLD�DQG� 
WULJHPLQDO�JDQJOLD��1RW� 
H[WHQVLYHO\�VWXGLHG� 

,0,�1HXURGHULVN�VWXGLHV�ZKHUH�ELRPDUNHU�UHVXOWV�FRXOG�EH�VKDUHG��9LQFULVWLQH��$FU\ODPLGH�DQG 
3DFOLWD[HO 

��	 35(9,286�48$/,),&$7,21�,17(5$&7,216�$1'�27+(5�
$33529$/6��,)�$33/,&$%/(� 

3UH�/2,� 0HHWLQJ� KHOG� RQ� 2FWREHU� ���� ����� ZLWK� &'(5� %LRPDUNHU� 4XDOLILFDWLRQ� 
3URJUDP�WHDP� 
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�� 5()(5(1&(6 

%DFLRJOX�� 0�� 0DLD�� /)�� 3UHLVFKH�� 2�� HW� DO�� 1HXURILODPHQW� /LJKW� &KDLQ� LQ� %ORRG� DQG� &6)� DV� 
0DUNHU�RI�'LVHDVH�3URJUHVVLRQ� LQ�0RXVH�0RGHOV�DQG� LQ�1HXURGHJHQHUDWLYH�'LVHDVHV��1HXURQ� 
������������������� 

%D]DULDQ�� --�� %LEHUWKDOHU�� 3�� :HOFK�� 5'�� HW� DO�� 6HUXP� *)$3� DQG� 8&+�/�� IRU� SUHGLFWLRQ� RI� 
DEVHQFH�RI� LQWUDFUDQLDO� LQMXULHV�RQ�KHDG�&7� �$/(57�7%,��� D�PXOWLFHQWUH�REVHUYDWLRQDO� VWXG\�� 
/DQFHW�1HXURO�������������������� 

%UXUHDX��$��%ODQFKDUG�%UHJHRQ��9��3HFK��&��HW�DO��1)�/�LQ�FHUHEURVSLQDO�IOXLG�DQG�VHUXP�LV�D� 
ELRPDUNHU�RI�QHXURQDO�GDPDJH� LQ�DQ� LQGXFLEOH�PRXVH�PRGHO�RI�QHXURGHJHQHUDWLRQ��1HXURELRO� 
'LV������������������ 

&OLQLFDO7ULDOV�JRY�>LQWHUQHW@�8QLWHG�6WDWHV�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��,GHQWLILHU� 
1&7����������&KHPRWKHUDS\�LQGXFHG�&RJQLWLYH�$OWHUDWLRQV�LQ�5HFUXLWV�:LWK�2YDULDQ�DQG� 
%UHDVW�&DQFHU��&,&$52���������$YDLODEOH�IURP�� 
>KWWSV���FOLQLFDOWULDOV�JRY�FW��VKRZ�UHFRUG�1&7��������"WHUP 1&7��������	UDQN �@� 

&OLQLFDO7ULDOV�JRY�>LQWHUQHW@�8QLWHG�6WDWHV�1DWLRQDO�/LEUDU\�RI�0HGLFLQH�,GHQWLILHU� 
1&7����������&RKRUW�6WXG\�RI�&OLQLFDOO\�,VRODWHG�6\QGURPH�DQG�(DUO\�0XOWLSOH�6FOHURVLV� 
�&,6�&2+257��������$YDLODEOH�IURP�� 
>KWWSV���FOLQLFDOWULDOV�JRY�FW��VKRZ�1&7��������"WHUP 1&7��������	GUDZ �	UDQN �@� 

&KXQ\N��$*�� -R\FH��$��)LVFKHU��6.�� HW� DO��$�0XOWL�VLWH� ,Q�GHSWK�(YDOXDWLRQ�RI� WKH�4XDQWHUL[� 
6LPRD�IURP�D�8VHU
 V�3HUVSHFWLYH��$$36�-����������������� 

&RRN��'��%URZQ��'��$OH[DQGHU��5��HW�DO��/HVVRQV� OHDUQHG�IURP�WKH�IDWH�RI�$VWUD=HQHFD
 V�GUXJ� 
SLSHOLQH��D�ILYH�GLPHQVLRQDO�IUDPHZRUN��1DW�5HY�'UXJ�'LVFRY��������������������� 

'H'RPLQLFLV�� .(�� +ZDQJ�� +�� &DUWDJHQD�� &0�� HW� DO�� &HUHEURVSLQDO� )OXLG� %LRPDUNHUV� $UH� 
$VVRFLDWHG� :LWK� *OLDO� )LEULOODU\� $FLGLF� 3URWHLQ� DQG� DOSKD,,�VSHFWULQ� %UHDNGRZQ� 3URGXFWV� LQ� 
%UDLQ� 7LVVXHV� )ROORZLQJ� 3HQHWUDWLQJ� %DOOLVWLF�/LNH� %UDLQ� ,QMXU\� LQ� 5DWV�� )URQW� 1HXURO� ����� 
������� 

'HPOHU��7/��'UXJ�LQGXFHG�QHXURORJLFDO�FRQGLWLRQV��86�3KDUPDFLVW������������������� 

+XDQJ�� ;-�� *OXVKDNRYD�� 2�� 0RQGHOOR�� 6�� HW� DO�� $FXWH� 7HPSRUDO� 3URILOHV� RI� 6HUXP� /HYHOV� RI� 
8&+�/�� DQG� *)$3� DQG� 5HODWLRQVKLSV� WR� 1HXURQDO� DQG� $VWURJOLDO� 3DWKRORJ\� IROORZLQJ� 
7UDXPDWLF�%UDLQ�,QMXU\�LQ�5DWV��-�1HXURWUDXPD����������������������� 
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',1,�:RUN�3DFNDJH� &21),'(17,$/ 3DJH��� 

.DPLLNH�� :�� )XMLNDZD�� 0�� .RVHNL�� 0�� HW� DO�� 'LIIHUHQW� SDWWHUQV� RI� OHDNDJH� RI� F\WRVROLF� DQG� 
PLWRFKRQGULDO�HQ]\PHV��&OLQ�&KLP�$FWD���������������������� 

.DQWKDVDP\��$��-LQ��+��0HKURWUD��6��HW�DO��1RYHO�FHOO�GHDWK�VLJQDOLQJ�SDWKZD\V�LQ�QHXURWR[LFLW\� 
PRGHOV�RI�GRSDPLQHUJLF�GHJHQHUDWLRQ�� UHOHYDQFH� WR�R[LGDWLYH�VWUHVV�DQG�QHXURLQIODPPDWLRQ� LQ� 
3DUNLQVRQ
 V�GLVHDVH��1HXURWR[LFRORJ\��������������������� 

.DZDWD�� .�� /LX�� &<�� 0HUNHO�� 6)�� HW� DO�� %ORRG� ELRPDUNHUV� IRU� EUDLQ� LQMXU\�� :KDW� DUH� ZH� 
PHDVXULQJ"�1HXURVFL�%LREHKDY�5HY������������������ 

.ULVWHQVHQ�� 65�� 0HFKDQLVPV� RI� FHOO� GDPDJH� DQG� HQ]\PH� UHOHDVH�� 'DQ� 0HG� %XOO� ������ 
������������� 

/X�� &+�� 3HW]ROG�� $�� .DOPDU�� %�� HW� DO�� 3ODVPD� QHXURILODPHQW� KHDY\� FKDLQ� OHYHOV� FRUUHODWH� WR� 
PDUNHUV� RI� ODWH� VWDJH� GLVHDVH� SURJUHVVLRQ� DQG� WUHDWPHQW� UHVSRQVH� LQ� 62'��*��$�� PLFH� WKDW� 
PRGHO�$/6��3/R6�2QH������������H������� 

0DUTXHV�� 70�� YDQ� 5XPXQG�� $�� 2HFNO�� 3�� HW� DO�� 6HUXP� 1)/� GLVFULPLQDWHV� 3DUNLQVRQ� GLVHDVH� 
IURP�DW\SLFDO�SDUNLQVRQLVPV��1HXURORJ\��������������H�����H���� 

0HUHJDOOL��&��)XPDJDOOL��*��$OEHUWL��3��HW�DO��1HXURILODPHQW�OLJKW�FKDLQ�DV�GLVHDVH�ELRPDUNHU�LQ�D� 
URGHQW�PRGHO�RI�FKHPRWKHUDS\�LQGXFHG�SHULSKHUDO�QHXURSDWK\��([S�1HXURO������������������� 

0RUULV��0��0DHGD��6��9RVVHO��.��HW�DO��7KH�PDQ\�IDFHV�RI�WDX��1HXURQ��������������������� 

1DWRUL��$��2JDWD��7��6XPLWDQL��0��HW�DO��3RWHQWLDO�UROH�RI�S1)�+��D�ELRPDUNHU�RI�D[RQDO�GDPDJH� 
LQ� WKH� FHQWUDO� QHUYRXV� V\VWHP�� DV� D� SUHGLFWLYH� PDUNHU� RI� FKHPRWKHUDS\�LQGXFHG� FRJQLWLYH 
LPSDLUPHQW��&OLQ�&DQFHU�5HV��������������������� 

2QDNSR\D�� ,-�� +HQHJKDQ�� &-�� $URQVRQ�� -.�� 3RVW�PDUNHWLQJ� ZLWKGUDZDO� RI� ���� PHGLFLQDO� 
SURGXFWV�EHFDXVH�RI�DGYHUVH�GUXJ�UHDFWLRQV��D�V\VWHPDWLF� UHYLHZ�RI� WKH�ZRUOG� OLWHUDWXUH��%0&� 
0HG�������������� 

3DSD�� /�� /HZLV�� /0�� )DON�� -/�� HW� DO�� (OHYDWHG� OHYHOV� RI� VHUXP� JOLDO� ILEULOODU\� DFLGLF� SURWHLQ� 
EUHDNGRZQ�SURGXFWV�LQ�PLOG�DQG�PRGHUDWH�WUDXPDWLF�EUDLQ�LQMXU\�DUH�DVVRFLDWHG�ZLWK�LQWUDFUDQLDO� 
OHVLRQV�DQG�QHXURVXUJLFDO�LQWHUYHQWLRQ��$QQ�(PHUJ�0HG�����D���������������� 

3DSD�� /�� /HZLV�� /0�� 6LOYHVWUL�� 6�� HW� DO�� 6HUXP� OHYHOV� RI� XELTXLWLQ� &�WHUPLQDO� K\GURODVH� 
GLVWLQJXLVK� PLOG� WUDXPDWLF� EUDLQ� LQMXU\� IURP� WUDXPD� FRQWUROV� DQG� DUH� HOHYDWHG� LQ� PLOG� DQG� 
PRGHUDWH�WUDXPDWLF�EUDLQ�LQMXU\�SDWLHQWV�ZLWK�LQWUDFUDQLDO�OHVLRQV�DQG�QHXURVXUJLFDO�LQWHUYHQWLRQ�� 
-�7UDXPD�$FXWH�&DUH�6XUJ�����E����������������� 
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3HW]ROG��$��1HXURILODPHQW�SKRVSKRIRUPV��VXUURJDWH�PDUNHUV�IRU�D[RQDO�LQMXU\��GHJHQHUDWLRQ�DQG� 
ORVV��-�1HXURO�6FL������������������������ 

3HW]ROG��$��0RQGULD��7��.XKOH�� -�� HW� DO��(YLGHQFH IRU� DFXWH�QHXURWR[LFLW\�DIWHU� FKHPRWKHUDS\�� 
$QQ�1HXURO��������������������� 

3UDWW��'6��.DSODQ��00��(YDOXDWLRQ�RI�DEQRUPDO�OLYHU�HQ]\PH�UHVXOWV�LQ�DV\PSWRPDWLF�SDWLHQWV�� 
1�(QJO�-�0HG����������������������� 

5HGIHUQ�� :6�� (ZDUW�� /�� +DPPRQG�� 7*�� HW� DO��� HGLWRUV�� ,PSDFW� DQG� IUHTXHQF\� RI� GLIIHUHQW� 
WR[LFLWLHV�WKURXJKRXW�WKH�SKDUPDFHXWLFDO�OLIH�F\FOH��7KH�7R[LFRORJLVW�������� 

5HLFKOLQJ��--��.DSODQ��00��&OLQLFDO�XVH�RI�VHUXP�HQ]\PHV�LQ�OLYHU�GLVHDVH��'LJ�'LV�6FL������� 
���������������� 

5REHUWV�� 5$�� $VFKQHU�� 0�� &DOOLJDUR�� '�� HW� DO�� 7UDQVODWLRQDO� %LRPDUNHUV� RI� 1HXURWR[LFLW\�� $� 
+HDOWK� DQG� (QYLURQPHQWDO� 6FLHQFHV� ,QVWLWXWH� 3HUVSHFWLYH� RQ� WKH� :D\� )RUZDUG�� 7R[LFRO� 6FL� 
��������������������� 

5XEHQVWHLQ�� 5�� &KDQJ�� %��'DYLHV�� 3�� HW� DO��$� QRYHO�� XOWUDVHQVLWLYH� DVVD\� IRU� WDX�� SRWHQWLDO� IRU� 
DVVHVVLQJ�WUDXPDWLF�EUDLQ�LQMXU\�LQ�WLVVXHV�DQG�ELRIOXLGV��-�1HXURWUDXPD��������������������� 

6FKUDHQ�0DVFKNH�� 6�� 6HUJHDQW�� 1�� 'KDHQHQV�� &0�� HW� DO�� 7DX� DV� D� ELRPDUNHU� RI� 
QHXURGHJHQHUDWLYH�GLVHDVHV��%LRPDUN�0HG�������������������� 

6KDZ�� *�� <DQJ�� &�� (OOLV�� 5�� HW� DO�� +\SHUSKRVSKRU\ODWHG� QHXURILODPHQW� 1)�+� LV� D� VHUXP� 
ELRPDUNHU�RI�D[RQDO�LQMXU\��%LRFKHP�%LRSK\V�5HV�&RPPXQ����������������������� 

6KHNKDU��6��.XPDU��5��5DL��1��HW�DO��(VWLPDWLRQ�RI�7DX�DQG�3KRVSKRU\ODWHG�7DX����LQ�6HUXP�RI� 
$O]KHLPHU
 V�'LVHDVH�DQG�0LOG�&RJQLWLYH�,PSDLUPHQW�3DWLHQWV��3/R6�2QH�������������H��������� 

6KHUPDQ��.(��$ODQLQH�DPLQRWUDQVIHUDVH�LQ�FOLQLFDO�SUDFWLFH��$�UHYLHZ��$UFK�,QWHUQ�0HG������� 
�������������� 

6LQJK�� 3�� <DQ�� -�� +XOO�� 5�� HW� DO�� /HYHOV� RI� SKRVSKRU\ODWHG� D[RQDO� QHXURILODPHQW� VXEXQLW� +� 
�S1I+��DUH�LQFUHDVHG�LQ�DFXWH�LVFKHPLF�VWURNH��-�1HXURO�6FL������������������������ 

6R\OX�.XFKDU]�� 5�� 6DQGHOLXV�� $�� 6MRJUHQ�� 0�� HW� DO�� 1HXURILODPHQW� OLJKW� SURWHLQ� LQ� &6)� DQG� 
EORRG� LV� DVVRFLDWHG� ZLWK�QHXURGHJHQHUDWLRQ� DQG�GLVHDVH� VHYHULW\� LQ�+XQWLQJWRQ
 V� GLVHDVH� 5���� 
PLFH��6FL�5HS������������������� 
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7DNDOD��56��3RVWL��-3��5XQWWL��+��HW�DO��*OLDO�)LEULOODU\�$FLGLF�3URWHLQ�DQG�8ELTXLWLQ�&�7HUPLQDO� 
+\GURODVH�/��DV�2XWFRPH�3UHGLFWRUV�LQ�7UDXPDWLF�%UDLQ�,QMXU\��:RUOG�1HXURVXUJ������������ 
��� 

7DQJ��<��/LX��+/��0LQ��/;��HW�DO��6HUXP�DQG�FHUHEURVSLQDO�IOXLG�WDX�SURWHLQ�OHYHO�DV�ELRPDUNHUV� 
IRU�HYDOXDWLQJ�DFXWH�VSLQDO�FRUG�LQMXU\�VHYHULW\�DQG�PRWRU�IXQFWLRQ�RXWFRPH��1HXUDO�5HJHQ�5HV� 
�������������������� 

YRQ�6FKDSHU��(��%LDO�LQFLGHQW�UDLVHV�)$$+�VXVSLFLRQV��1DW�%LRWHFKQRO����������������� 

:DONHU�� $/�� ,PDP�� 6=�� 5REHUWV�� 5$�� 'UXJ� GLVFRYHU\� DQG� GHYHORSPHQW�� %LRPDUNHUV� RI� 
QHXURWR[LFLW\�DQG�QHXURGHJHQHUDWLRQ��([S�%LRO�0HG��0D\ZRRG������������������������ 

:LOVRQ��32��%DUEHU��3&��+DPLG��4$��HW�DO��7KH�LPPXQRORFDOL]DWLRQ�RI�SURWHLQ�JHQH�SURGXFW����� 
XVLQJ�UDEELW�SRO\FORQDO�DQG�PRXVH�PRQRFORQDO�DQWLERGLHV��%U�-�([S�3DWKRO�������������������� 

<DQJ�� =�� :DQJ�� ..�� *OLDO� ILEULOODU\� DFLGLF� SURWHLQ�� IURP� LQWHUPHGLDWH� ILODPHQW� DVVHPEO\� DQG� 
JOLRVLV�WR�QHXURELRPDUNHU��7UHQGV�1HXURVFL�������������������� 

<DQJ�� =�� =KX�� 7�� 0RQGHOOR�� 6�� HW� DO�� 6HUXP�%DVHG� 3KRVSKR�1HXURILODPHQW�+HDY\� 3URWHLQ� DV� 
7KHUDQRVWLF�%LRPDUNHU�LQ�7KUHH�0RGHOV�RI�7UDXPDWLF�%UDLQ�,QMXU\��$Q�2SHUDWLRQ�%UDLQ�7UDXPD� 
7KHUDS\�6WXG\��-�1HXURWUDXPD�������������������� 

<XDQ�� $�� 5DR�� 09�� 9HHUDQQD�� HW� DO�� 1HXURILODPHQWV� DW� D� JODQFH�� -� &HOO� 6FL� ������ ����3W� 
������������ 


